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SPECIFICATION ' 



FOUR WHEEL DRIVE ASSEMBLY 
AND A METHOD FOR UTILIZING 

THE SAME 



q Background of Invention 

CH [0001] l)Field of the Invention. 
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[0002] The present invention generally relates to a vehicular four wheel drive assembly 

and to a method for utilizing the same, and more particularly to a vehicular four wheel 
drive assembly having at least two modes of operation, the first operational mode 
being effective to sense slip and to selectively transfer torque to at least one axle in 



Q 
M 

tj response to the sensed slip and the second operational mode also being effective to 

in 

T5 53 



transfer torque to the at least one axle in response to the occurrence of a certain 
condition which may increase the likelihood of slip, the second operational mode 
occurring only after slip has actually occurred or has been detected. 

[0003] 2)Background of the Invention. 

[0004] A four wheel drive assembly typically includes a torque transfer assembly which 

receives torque from a rotating crankshaft and which transfers at least a portion of the 
received torque to a first and/or a second driveshaft which are respectively coupled to 
the front and rear axles. More particularly, the four wheel drive assembly includes a 
controller which is typically operated under stored program control and one or more 
sensors which are physically and communicatively coupled to the controller. The 
controller is operatively coupled to the torque transfer assembly and, upon the 
occurrence of one or more sensed events or conditions, causes the torque transfer 
assembly to transfer torque to the front and/or rear axle. 

[0005] Particularly, should one of the axles (or the wheels which are mounted upon the 
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one axle) rotate at a speed which is greater than the speed of a second of the axles or 
the wheels which are mounted upon the second axle (i.e., often referred to as a slip 
condition), by a certain threshold amount, the controller causes the torque transfer 
assembly to increase the amount of torque being transferred to one of the moving 
axles or wheels, such as and without limitation the slower moving axle, and reduce 
the amount of torque being transferred to the other moving axle or wheels, thereby 
slowing the speed of the other (e.g., the faster) moving axle and wheels. 

[0006] A second operating strategy (e.g., a "preemptive" strategy) causes such torque re- 
allocation to occur when certain conditions or events are sensed, in the absence of 
O actual slip. For example, whenever the difference in axle or wheel speeds exceed a 

g\ certain value and the accelerator member and/or the throttle plate are positioned in a 

certain manner, torque allocation is achieved. In this manner, the likelihood of the 

Wl 

\Q occurrence of slip is reduced. 

rr [0007] While the second operating strategy does desirably decrease the likelihood of slip 
O from occuring, it suffers from some drawbacks. For example and without limitation, 

f«j the second strategy is employed whenever the vehicle is activated or "running" and the 

IH provided torque allocation is dependent only upon vehicular speed and the position of 

jjj one or more certain components. As such, this strategy is often utilized even when 

there is very little likelihood of the occurrence of slip, such as when the vehicle is 
driven upon a surface which maintains a relatively large frictional contact with the 
wheels of the vehicle (e.g., surfaces having a relatively high coefficient of friction or " 
M ")- The unnecessary employment of the "torque allocation" strategy unnecessarily 
increases the amount of fuel used by the vehicle and undesirably increases the 
amount of noise and vibration which is communicated into the vehicle. It is therefore 
desirable to employ a preemptive slip operating strategy only when it is relatively 
likely that slip may occur (e.g., only when the vehicle is being driven upon a surface 
having a relatively low coefficient of friction). 

Summary of Invention 

[0008] It is a first non-limiting advantage of the present invention to provide a four wheel 
drive assembly and a method for utilizing the same which overcomes some or all of 
the previously delineated drawbacks of current assemblies. 
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[0009] 



It is a second non-limiting advantage of the present invention to provide a four 



wheel drive assembly and a method for utilizing the same which overcomes some or 
all of the previously delineated drawbacks of current assemblies and which, byway of 
example and without limitation, has a first mode of operation and a second 
preemptive mode of operation which is activated in response to the first mode of 
operation. 

[0010] It is a third non-limiting advantage of the present invention to provide a four 
wheel drive assembly having a preemptive slip control mode of operation which is 
performed only when the vehicle, containing the four wheel drive assembly, is 
operated upon a surface having a relatively low coefficient of friction. 

[001 1] According to a first non-limiting aspect of the present invention a four wheel drive 
assembly is provided and comprises a torque transfer assembly which receives torque 
and which has a first mode of operation in which the torque transfer assembly 
selectively transfers a certain amount of the torque to a certain axle upon a sensed 
slip condition and which further has a second preemptive mode of operation which 
only occurs after the first mode of operation has occurred. 

[0012] According to a second non-limiting aspect of the present invention, a four wheel 
drive assembly having a torque transfer assembly is provided. The assembly includes 
a controller which is coupled to the torque transfer assembly which senses the 
presence of a surface having a low coefficient of friction and which has a preemptive 
slip control mode of operation which is performed only after the presence of the 
surface is sensed. 

[001 3] According to a third non-limiting aspect of the present invention a method for 
operating a vehicle is provided for transferring torque to an axle of a vehicle. 
Particularly, the method includes the steps of sensing slip; and entering a preemptive 
slip control mode of operation only after the slip has been sensed. 

[0014] These and other features, aspects, and advantages of the present invention will 
become apparent from a reading of the detailed description of the invention and by 
reference to the following drawings. 



Brief Description of Drawings 
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[001 5] Figure 1 is a block diagram of a four wheel drive assembly which is made in 
accordance with the teachings of the preferred embodiment of the invention and 
which is operatively disposed within a vehicle. 

[001 6] Figure 2 is a flowchart illustrating the sequence of steps which cooperatively 

comprise the methodology of the preferred embodiment of the invention and which is 
utilized by the four wheel drive assembly which is shown in Figure 1 . 

Detailed Description 

[001 7] Referring now to Figure 1 , there is shown a four wheel drive assembly 1 0 which is 
made in accordance with the teachings of the preferred embodiment of the invention 
and which is operatively disposed within a vehicle 12. 

[001 8] Particularly, vehicle 12 is pf the type having a front pair of axle half-shafts 14,15 
which cooperatively form a rfont axle (i.e., an axle which is disposed under the driver 
(not shown)) and a rear patf of axle half shafts 1 6, 1 7 which cooperatively form a rear 
axle. Vehicle 12 further includes wheels 1 8, 20 which are respectively attached to 
half-shafts 15,14 and wheels 22, 24 which are respectively attached to half-shafts 



m 17, 16. Further, vehiclje 1 2 includes a torque generator 20, such as and without 

□ 

T\i limitation an internal/combustion engine, and a transmission assembly 22 which is 

operatively couplecyto the torque generator 20, such as by a crankshaft 23. The 
vehicle 12 further/ncludes a front differential assembly 32 which operatively receives 
the front axle haJf-shafts 14, 1 5, a rear differential assembly 30 which operatively 
receives the reafr axle half-shafts 16, 17, and a pair of substantially identical 
driveshafts 34; 36 which are respectively coupled to and which extend from the 
differential assemblies 32, 30. 



[0019] 



Vehicle 12 further includes frame members 50, 52 which respectively receive half- 
shafts 14," 16; and 1 5, 1 7, a selectively movable throttle plate 53 which is disposed 
within the engine 20 and which selectively allows air to enter the various engine 
cylinders (not shown), and a selectively movable accelerator member 55 whose 
position is indicative of the desired speed of the vehicle 1 2 (i.e., the amount of fuel 
required to be placed with the engine cylinders). While a certain type or configuration 
of vehicle is shown within Figure 1, it should be appreciated that the present invention 
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is operable within a wide variety of different types of vehicles and that nothing in this 
description is meant to limit the use of the present invention to a certain type or a 
certain vehicular configuration. Moreover, it should be appreciated that only the 
relevant portions of vehicle 1 2 are shown within Figure 1 . 

[0020] The four wheel drive assembly 1 0 includes a torque transfer assembly, commonly 
referred as a "transfer case" 60 which is physically and operably coupled to the 
driveshafts 34, 36, a controller 62 which is operable under stored program control 
and which is coupled to the torque transfer assembly 60, and several sensors 64, 66 
which are physically and communicatively coupled to the controller 62 and which are 
adapted to respectively sense the speed of the driveshafts 34, 36 and to communicate 
the respectively sensed speeds to the controller 62. The controller 62 is physically and 
communicatively coupled to the accelerator member 55 and to the throttle plate 53. 
As should be known to those of ordinary skill in this art, torque transfer assembly 60 
typically comprises one or more electromagnetic clutch assemblies, or other types of 
torque transfer actuators which, under the supervision and control of the controller 
62, causes a certain portion of the received torque to be communicated to the 
driveshaft 34 and axles 14, 1 5 through differential assembly 32, and a certain portion 
of the received torque to be communicated to the driveshaft 36 and the axles 1 6, 1 7 
through the differential assembly 30. Non limiting examples of such torques transfer 
assemblies are set forth within United States Patent Number 5,954,778 ("the 778 
patent") which is fully and completely incorporated herein by reference, word for word 
and paragraph by paragraph and United States Patent Number 5,809,443 ("the '443 
patent") which is fully and completely incorporated herein by reference, word for word 
and paragraph by paragraph. 

[0021] | n operat: j on) torque, whi/h is produced by the torque generator 20, is 

communicated to the transmission assembly 22 by the crankshaft 23. The received 
torque is then communicated to the torque transfer assembly 60 by the driveshaft 70. 
As previously delineated, A certain first portion of the received torque is then 
communicated to the drfveshaft 34 and a certain second portion of the received 
torque is communicated to the driveshaft 36 by the torque transfer assembly 60 
which performs this tdrque allocation under the control and supervision of the 
controller 62. Further/ the controller 62 performs the control methodology of the 
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preferred embodiment o^the invention, which is shown in Figure 2. As further 
delineated below, the methodology 100 of the preferred embodiment of the invention 
causes the torque transfer assembly 60 to dynamically "re-allocate" or modify the 
amount of torque which is communicated to the driveshafts 34, 36 in response to an 
actual slip or to a perceived need to avoid or reduce the likelihood of the occurrence 
of slip. In another non-limiting embodiment of the invention, the speed of the wheels 
1 8, 20, 22, 24 be selectively controlled by the controller 62 instead of controlling 
the driveshafts 3ft, 36. 

[0022] Referring now to Figure 2, there is shown a flowchart or methodology 100 of the 
preferred embodiment of the invention. Particularly, methodology 100 includes a first 
step 102 in which the controller 62 is activated/initialized, such as when the vehicle 
12 is started or energized. In this step 102 a pre-emptive slip control mode variable 
or flag is reset or made equal to zero or to logical state of "false". 

[0023] Step 1 02 is followed by step 1 04 in which the controller 62 enters a "slip detection 
and control mode". Step lOy follows step 104 and, in this step 106, the controller 62, 
by use of the sensors 64, 66, determines whether slip has occurred or is presently 
occurring. Particularly, ipi this step 106, the controller 62 receives the currently 
measured speed of th«i driveshafts 34, 36 from the sensors 64, 66 and uses these 
respective measurements to determine the occurrence of slip (e.g., in the manner set 
forth in the 778 or '443 patents) and/or to infer the speed of the pair of wheels 1 8, 
20 and the spera of the pair of wheels 22, 24. Should the difference between the 
speed of the ilriveshafts 34, 36 or the first pair of axles 1 4, 1 5 and the second pair of 
axles 16, l/ or the first pair of wheels 1 8, 20 and the second pair of wheels 22, 24 
exceed a/certain predetermined threshold, an immediate slip condition is sensed and 
step 106 is followed by step 108 in which immediate slip control corrective action is 
take/ 

[0024] Such corrective action may include the transfer of an increased amount of torque 
to the driveshaft and to pair of axles which are coupled to the slower moving pair of 
wheels. The amount of such increased torque transfer may be calculated in a 
conventional manner by use of the sensed speed differential. 



[0025] 



Step 1 08 is followed by step 1 09 in which controller 62 determines whether the 
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pre-emptive slip control mode flag is currently set or equal to a non-zero value or has 
a logical state of "true", or whether it is necessary to enter pre-emptive slip control 
mode. If pre-emptive slip control mode is not required or the flag is reset or cleared, 
step 109 is followed by step 106. Alternatively, step 109 is followed by step 1 10 in 
which the controller 62 enters a preemptive slip control mode and the preemptive slip 
control flag is "set" or enabled, such as having a value of one or a logical state of 
"true". 

[0026] The several ways to d/termine, in step 1 09, whether a pre-emptive slip control 
mode is warranted. For example, in one non-limiting embodiment, the signals 
emanating from the sei/sors 64, 66 are subtracted and the difference is 
communicated to a one hertz low pass filter (not shown) in order to eliminate or 
reduce noise. Should/he filtered difference continually exceed about two kilometers 
\U per hour for about dne-half of a second, a pre-emptive slip condition is declared. 

Alternatively, a pre/emptive slip condition warranting a pre-emptive slip strategy may 
be declared when/he value of "Y . (k)", as calculated in the following equation, 
continually exceejbs some torque transfer value, such as and without limitation, 0.50 
W or 50% for a perrod of about 200 milliseconds. 

in / 

f=| Yi(k)= [KJ * /e<k)] + Yi(k-l) (Equation 1) 

fy 

[0027] where:"K . " is the gain multiplier of the latest sensed speed differential and in one 
non-limiting embodiment is equal to about five; 

[0028] "Y . " is the average percentage of the received torque being transferred to the 
driveshafts 34, 36 by the torque transfer assembly 60; 

[0029] "e(k) M is the latest speed differential offset by a design slip allowance and, in one 
non-limiting embodiment, is equal to about 0.5 kilometers per hour; and 

[0030] "Y . (k-l) n is the previous calculation of "Y ". 

i i 




[0031] 



In this step 1 1 0, the controller 62, due to the declaration of the pre-emptive 
mode within step 1 09, determines or senses that vehicle 1 2 is traveling upon a 
surface having a relatively low coefficient of friction (e.g., a coefficient of friction equal 
to or less than 0,5) ana enters a preemptive slip control mode of operation. Step 1 10 
is followed by step 1 1C in which the controller 62 utilizes several sensed values to 
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determine whether there is some likelihood for slip to occur. For example, the 
controller 62 will use the acquired sroed of the axles 141 7 in combination with the 
position of the accelerator membej/55 and/or the throttle plate 53 in order to 
ascertain whether slip is likely (e./., if there is a relatively low vehicular speed (about 
20 miles per hour) and the positfon of the accelerator member 55 or the throttle plate 
53 are greater than about half/vay toward their respective "full" or maximum torque 
request position, the controll/r 62 will determine that slip is likely to occur. 

[0032] If a slip has been determined to likely occur, step 11 2 is followed by step 1 1 4 in 
which preemptive corrective action (e.g., torque allocation as discussed above) is 
taken. Step 1 1 5 follows step 1 1 4 ( and in this step 1 1 5, controller 62, through sensors 
64, 66 detects whether an actual slip condition has occurred as discussed above. If a 
slip condition is sensed, step 1 1 5 is followed by step 108. Alternatively, step 1 1 5 is 
followed by step 112. 

[0033] If a slip has been determined to not likely to occur, step 1 12 is followed by step 



O 1 1 6 in which the controller 62 determines whether the preemptive mode should be 

w 

PI exited. If it is determined that the preemptive mode is to be exited, step 1 1 6 is 



%M followed by step 1 06 and the preemptive mode variable or flag is reset to zero or to a 

Q 

f|| logically false state. Alternatively, step 1 1 6 is followed by step 112. 

[0034] In one embodiment of the invention, it is determined to exit the preemptive mode 
when the vehicle 1 2 is traveling at a speed which is greater than about twenty-five 
kilometers per hour for at least thirty continuous seconds while the one hertz low 
pass filtered differential axle or wheel speed is less that about two kilometers per 
hour. Other strategies may be used in other non-limiting embodiments of the 
invention including, but not limited to, exiting the preemptive mode of operation after 
a certain time has elapsed after the controller 62 initially entered this mode of 
operation, such certain amount of time equaling, in one non-limiting embodiment, 
about thirty seconds. 

[0035] j t js to be understood that the present invention is not limited to the exact 

construction and method which has been delineated above, but that various changes 
and modifications may be made without departing from the spirit and the scope of the 
inventions as are more fully set forth in the following claims. Moreover, it should be 
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appreciated that by employing the preemptive mode of operation after a slip condition 
occurs (e.g., after a surface having a relatively low coefficient of friction is sensed), the 
previously delineated drawbacks of the prior strategies may be overcome (e.g., the 
preemptive mode is used only when there exists a real likelihood of the occurrence of 
slip). 
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